The paper analyses a model that describes a wireless access network with one bottleneck router and n ≥ 2 TCP flows described by a nonlinear dynamical system. The equilibrium point is determined for the general case. For the particular case n = 2 the periodic solutions are examined, when the round trip time is considered as bifurcation parameter. The conditions for the local asymptotic stability of the equilibrium point are given. In the last part, using Maple and Matlab, the numerical example verifies the theoretical results and some conclusions and future directions are shown.
Introduction
In the recent times, the wireless access network has paid great attention, because it is applied in different fields, especially to the Internet. The congestion control in wireless access network is important in the success of the wireless network technology [12] . According to [3] , congestion control is an algorithm which allocates available resources to competing sources efficiently in order to avoid congestion collapse. The TCP congestion control algorithm has a role in avoiding
Mathematical models of a wired access network
The nonlinear differential equation that describes the window size is given by [5] is the probability of packet mark at time t.
There are two causes for the failure of a router in delivering packets: one can be if their data loads are corrupted, or the router buffers are already full. If ) (t p di denotes the drop probability, then (1) 
The following differential equation describes the dynamics of the queue length [12] :
where c is the link capacity and F is the adjusted rate of the source based on the congestion rate ) (t x from the link node. The nonnegative function ) (t x is a decreasing one and differentiable. (2) becomes:
In [12] , the mathematical model for wireless access networks, with one bottleneck router and 1  n identical TCP flows that pass through the router, is analyzed. In this case, for ) (
In this paper the wireless access network of only one bottleneck router and 2  n different TCP flows passes though the router is considered. The mathematical model is given by: 
Analysis of system (6)
The equilibrium point of system (6) 
From (7) we have:
and
and we get:
We also consider: . ,..., 2 , : 1
In what follows, we take ) ,
With (7) and (9) we obtain: 
and . ,..., 1 , :
From (13) we have:
is a solution of (16), for
For (17) and (15) we have: 
of the system (6) is given by:
Linearizing system (6) around the equilibrium point, we obtain:
The characteristic equation of (22) is:
and . 
Hopf bifurcation analysis of system (6) for n=2
For the case 2  n , system (6) is given by:
the equilibrium point of system (25) given by (20), for
We use the transformation (26) (ii) (   2  23  11  22  13  2  22  13  2   23  11  22  13  22  11  2  23  13  3  22  11   2  23  11  22  13  2  22  13  2   23  11  22  13  3  22  11  23  13  22 (   2  23  11  22  13  2  2  2  23  13  2  2  22   2  11   4  2  22 2 11 . Now, we use the following maps:
has at most a finite number of real zeros and if there is a positive root
are define by: 
Equation (28) , where:
In what follows we have analyzed the stability of the system (25), when 
when , 0  r (33) becomes:
where According to [2] we have:
